despite the use of immunosuppressive drugs. Organ specific and non-organ specific autoimmune diseases or corresponding autoantibodies or both were often found in children with enterocyte autoantibodies and their family. These data show the existence of an autoimmune vanant of protracted diarrhoea of infancy, despite the rare occurrence of autoimmune diseases in childhood.
Introduction
Protracted diarrhoea of infancy is due to a heterogeneous group of disorders in which the diagnosis can be identified in about 70% of the patients. ' The remaining unexplained cases almost certainly represent a range of several different conditions and have a high mortality2; the average consultant paediatrician might see one such patient every year. Isolated cases of idiopathic protracted diarrhoea of infancy have been described in which-circulating autoantibodies to gut enterocytes have been shown by classic indirect inmmunofluorescence technique. These initial reports suggested that an autoimnmune disorder with characteristics similar to those described in other well recognised organ specific autoimmune diseases might account for some of the hitherto unexplained cases of protracted diarrhoea of infancy. We therefore investigated a larger senes of children affected by this condition to define a group of patients in whom this complex syndrome might be related to an autoimmune disorder.
Patients
Twenty five children (15 boys and 10 girls), aged 1 month to I year at the onset of symptoms, were investigated for unexplained protracted diarrhoea.
We defined protracted diarrhoea as the passage of four or more loose stools for longer than two weeks with loss of body weight.' Despite intensive investigations (upper and lower gastrointestinal endoscopy, barium meal and follow through examination, intestinal perfusion study, pancreatic function test, jejunal and colonic biopsies, polypeptide hormone profile, sweat test, stool and urine culture assays, and electron microscopy) no cause could be found for the diarrhoea. The possible presence of a primary immunodeficiency state was also extensively investigated.
Most of the patients were treated initially with total parenteral nutrition and the subsequent introduction of cows' milk protein, egg protein, gluten, and an oligoantigenic diet free from disaccharide. A few children with a less aggressive clinical picture were treated only with diet restriction. In those in whom the diarrhoea continued despite these initial measures immunosuppressive agents were introduced. First prednisolone (2 mg/kg/day) was 1133 used, but if there was no response after three weeks or relapse occurred when the steroid dosage was reduced (maintenance dose, 0-5 mg/kg, alternate days) then azathioprine 2 mg/kg/day was added (tables I and II).
Methods

DETECTION OF ENTEROCYTE ANTIBODIES BY INDIRECT IMMUNO-FLUORESCENCE TECHNIQUE
Sera from the 25 children were applied to 4 tm sections of duodenum obtained from patients with human blood group 0 undergoing cephalopancreatectomy. The sections were incubated with undiluted sera for 30 minutes at room temperature, then washed for 20 minutes in phosphate buffered saline, and stained separately with fluorescent isothiocyanate (FITC) conjugated rabbit antihuman IgG (Dako), FITC sheep antihuman IgA, and IgM (Wellcome). Complement fixing ability was detected using human and rabbit complement followed by FITC rabbit antihuman C3 (Dako) and FITC goat antirabbit C3 (Nordic) respectively. After a further washing stage the slides were mounted and read blindly by at least two independent readers under a Zeiss type III microscope, equipped with epiillumination.
The following groups of sera were used as controls: (a) 10 serum samples from children (aged 9 months to 8 years) with treated4 and untreated6 coeliac disease; (b) 50 serum samples from children (aged 4 months to 10 years) affected by a variety of non-gastroenterological disorders but negative for organ and non-organ specific autoantibodies (13 affected by a variety of endocrine diseases, 25 by various kidney diseases, haematological disorders and short stature, and 12 complaining of joint pain); (c) 56 serum samples from healthy adults (medical students and hospital staff); (d) 56 serum samples from adult patients with treated and untreated Crohn's disease and ulcerative colitis; (e) 217 serum samples from patients with insulin dependent diabetes and 606 from patients with non-insulin dependent diabetes. (This series was part of a continuing study for assessing the prevalence of endocrine autoantibodies related to the gut, and preliminary results have been reported.8)
OTHER AUTOANTIBODY TESTS
Gastric parietal cell and islet cell antibodies were detected with undiluted serum on sections of human stomach and pancreas obtained from patients with blood group 0 from operations or cadaveric kidney donors, as previously described.9 Thyroid microsomal and thyroglobulin antibodies were measured by haemagglutination (Wellcome, Thymune M, and T kits). Indirect immunofluorescence tests for non-organ specific autoantibodies were carried out with sera diluted 1/10 on sections from rats' liver and kidney.
OTHER IMMUNOLOGICAL TESTS
All children with protracted diarrhoea of infancy were also investigated for total serum immunoglobulin, IgG, IgM, and IgA concentrations; total T and T lymphocyte subset counts and functional phytohaemagglutinin stimulation test; neutrophil adherence and mobility (neutrophil function was assessed by the nitro blue tetrazolin dye test); C3, C4 concentrations, total haemolytic C°activity, and uptake of C3b.
Results
CIRCULATING ENTEROCYTE AUTOANTIBODIES
Fourteen out of 25 patients with protracted diarrhoea of infancy were positive for circulating enterocyte autoantibodies (table III) . The autoantibodies reacted mainly with the cytoplasm ofmature enterocytes, and the intensity of the staining was more evident towards the tips of the villi (figure). One serum sample (case 1) stained only the brush border ofthe villi with a similar immunofluorescent pattern to that described in experimental colitis.'0 Enterocyte autoantibodies were predominantly of IgG class (13 out of 14), but in addition 11 serum samples were positive for IgM and IgA in various combinations. In one case the antibodies were exclusively of IgM class. IgA enterocyte autoantibodies alone was not found in any of the serum samples tested. In the control series two sera from patients with ulcerative colitis, one from a patient with Crohn's disease, and two from patients with non-insulin dependent diabetes were also found positive for enterocyte Cryostat section of normal human jejunum stained by indirect immunofluorescence with serum from a patient with autoimmune protracted diarrhoea. There is strong cytoplasmic reactivity on enterocytes, which is more accentuated on the apical border. autoantibodies. None of the sera from the control children with disease or normal adults were positive (see tables I and II). The autoantibody titres varied from 1/2 to 1/512. In five out of 14 patients the titres were greater than 1/64. Complement fixing ability of the antibodies was difficult to assess as human and rabbit complement attached nonspecifically to the apical border of the intestinal epithelium. Five out of 14 positive sera, however, showed a strong complement fixing cytoplasmic reactivity on enterocytes. Absorption studies of sera positive for autoantibodies with IgA coupled immunoabsorbent did not diminish the intensity of the original immunofluorescence staining.
OTHER AUTOANTIBODIES
Thirteen of the 14 sera positive for enterocyte autoantibodies had other organ or non-organ specific autoantibodies (see table I). A low titre (1/10) of mitochondrial antibodies was found in three cases, but the antibodies appeared after the detection of the enterocyte autoantibodies. None of the sera negative for enterocyte autoantibodies or any serum from the control children had other autoantibodies.
Gut endocrine cell antibodies were found in two sera positive for enterocyte autoantibodies and their prevalence in other conditions confirmed previous results obtained in smaller series.81' OTHER IMMUNOLOGICAL FEATURES All children with enterocyte autoantibodies had normal values of total immunoglobulin, immunoglobulin class levels, total T cell number, and T4:T8 ratio. No abnormalities were detected in T cell and neutrophil functions, and CO factor levels and functions were also within the normal range. One patient without enterocyte autoantibodies had a low immuno-globulin concentration, another in the same group had a delayed neutrophil mobility and function, and in a third child neutrophil abnormalities were associated with poor T cell activity.
CLINICAL CHARACTERISTICS
Personal history-The mean age of onset of symptoms of protracted diarrhoea in the 14 children with enterocyte autoantibodies was 6-6 months compared with 4-8 months in the 11 without. There were nine boys and five girls (ratio 1 6:1) in the positive group and six boys and five girls (ratio 1-2:1) in the negative group. Among the children with autoantibodies two had primary hypothyroidism associated in one with insulin dependent diabetes mellitus. Insulin dependent diabetes mellitus was also present in two more patients, one of whom had Still's disease and the other alopecia and eczema. Interstitial nephropathy with tubular basement membrane antibodies was diagnosed in one patient. Tubular basement membrane antibodies were also detected in another patient (in at least two consecutive tests) in the absence of overt renal symptoms. Five children had associated atopic manifestations or other autoimmune disorders (see table I ). One positive patient had enteropathy sensitive to cows' milk and another had associated protein losing enteropathy. In all children pancreatic functions were normal at initial presentation, but in one patient exocrine pancreatic insufficiency developed 14 months after onset of the diarrhoeal symptoms, two months before the child died. Sweat test results were always negative. No associated autoimmune diseases were found in the 11 patients without autoantibodies, but four of them were atopic. Generally, negative patients had milder clinical symptoms. In three negative patients protracted diarrhoea of infancy followed episodes of gastroenteritis; another four patients were referred as cases of "failure to thrive" but clearly had protracted diarrhoea of infancy. In the remaining four negative patients a definitive diagnosis could not be made despite intensive investigations and, in general, their symptoms were reminiscent of "toddler diarrhoea."
Family history-There was no parental consanguinity in any of the families studied. In the positive group one sibling in three of the families had protracted diarrhoea of infancy (three died young) and one had coeliac disease. Diabetes, thyroid disorders, and vitiligo were present in members of five families whose children were positive for enterocyte autoantibodies (see table I ). Atopic phenomena were reported in at least nine relatives in seven of the families with positive children and one relative in three different families suffered from similar conditions in the antibody negative group. In one family with negative children two siblings had died of protracted diarrhoea of infancy and one sibling had been diagnosed as failing to thrive.
FOLLOW UP STUDIES
Clinical follow up-Of the 14 children with enterocyte autoantibodies, seven were treated with steroids with or without azathioprine and seven with an oligoantigenic diet free from disaccharide (Chix). In the first group symptoms improved in three children (cases 5, 13, and 14) and deteriorated in the others (see table II). In the second group five patients improved on diet alone, two remained clinically stable, and none deteriorated. In the 11 patients without autoantibodies symptoms worsened in two despite immunosuppressive treatment, and of the others who were kept on a dietary regimen, the clinical conditions ameliorated in six. Three others in the same group had spontaneous remission.
Immunological follow up-Twelve positive children (see table II) were retested every two to five months over six months to two years (mean duration 14 1 months). In only one patient treated with immunosuppressive agents did enterocyte autoantibodies disappear (the antibodies showed an ability to fix complement on initial testing), coinciding with the amelioration of his gastroenterological symptoms. In this child, however, antinuclear antibody appeared at an appreciable titre (1/320) 12 months later, followed by chronic active hepatitis proved by biopsy. The four remaining patients treated with immunosuppressants all deteriorated (one died), and the enterocyte autoantibody titres decreased in one (case 4) (from 1/64 to 1/16) and persisted high (1/512) in the other three (cases 2, 12, and 7), maintaining complement fixing ability. In one of these children (case 7) mitochondrial antibodies at low titre (1/10) were detected three months after initial testing and were still present after 18 months (1/20). At that time antinuclear (titre 1/80) and smooth muscle antibodies (1120) No increase of mononuclear cell infiltration was seen in the gut specimens from control patients who had undergone cephalopancreatectomy or in the biopsy specimens of the two antibody negative patients, although one of them showed an eosinophilic infiltration.
Discussion
The description of circulating enterocyte antibodies in isolated cases of young children with protracted diarrhoea of infancy prompted this enlarged study to validate the diagnostic importance of these new serological markers. We found a high prevalence of enterocyte autoantibodies in our series of children, who were selected because of their unexplained protracted diarrhoea in spite of intensive investigations. Similar autoantibody reactivity was not present in control sera, and enterocyte autoantibodies were detected at a very low rate in other well defined gastrointestinal disorders. In two patients with enteropathy due to cows' milk sensitivity and protein losing enteropathy autoantibodies were present at low titre (1/8, 1/4) and they disappeared when the symptoms improved. The intensity of the indirect immunofluorescent reaction was more accentuated on the apical border of mature enterocytes. As for other organ specific autoantibodies-namely, thyroid microsomal, parietal cell, and islet cell antibodies-.enterocyte autoantibodies reacted with cytoplasmic components, and, by analogy with other classic organ specific autoimmune diseases-namely, thyroid diseases, pernicious anaemia, and insulin dependent diabetes mellitus-these specificities have to be considered as "markers" for continuing autoimmune cell destruction. They could, however, also be directly implicated in the autoimmune attack ifthe corresponding immunoglobulins reacting on the surface membrane are ever shown.
Furthermore, preliminary data on biopsy specimens of the jejunum from patients with enterocyte autoantibodies have shown the presence of IgG and C3 depositions along the basement membrane of the gut mucosal epithelium in two out of five specimens and a strong IgA and IgM reactivity within the enterocyte cytoplasm and on the enterocyte apical border in three out of five biopsy specimens of jejunum. No IgG and C3 staining and only a very weak IgA/IgM fluorescence were detected on the apical border of the enterocytes in the two biopsy specimens from patients without enterocyte autoantibodies, and the intensity of the staining was similar to that observed in two normal specimens of small intestine obtained at pancreatectomy. Although these results need further confirmation, this "in situ" deposition reinforces the pathogenic role of antibodies in the disease process. Work is in progress to characterise fully the lymphocyte subpopulations in abnormally infiltrated tissues.
The striking association with other autoimmune phenomena in the patients with enterocyte autoantibodies, often affecting several members in the same family, gives further support to the original suggestion that an autoimmune process may play an important pathophysiological part in this heterogeneous syndrome. Thus six out of 14 of the patients with autoantibodies had overt clinical autoimmune disorders and 13 out of 15 possessed organ or nonorgan specific autoantibodies, or both. In this context it is worth emphasising that other immunological variables were normal in positive children, thus indicating that a primary immunodeficiency state could not have accounted for the loss of tolerance to enterocytes and the subsequent symptomatology.
From the evidence it is tempting to conclude that an autoimmune form of enteropathy may well account for about half the cases of protracted diarrhoea for which previously no cause could be found. Moreover, it may define an important subgroup of patients suffering from the same condition, which may account for some 15% of the cases. The reported observations are even more relevant as autoimmunity is unusual in childhood.'2 Spontaneous autoimmune manifestations are practically absent at birth and, interestingly, the patients with autoantibodies had a tendency to develop symptoms at a later age when compared with those without autoantibodies. Although autoimmunity preferentially affects women, in children the sex ratio is more equal. This was also seen in the present series (nine boys to five girls) and resembles a similar trend previously described in the candida endocrinopathy syndrome centred on idiopathic hypoparathyroidism."3'4 Moreover, the positive children described here, like the children with candida endocrinopathy, develop non-organ specific autoimmunity more often than one might expect for their age. These observations indicate that more extensive autoantibody screening for other specificities in children with enterocyte autoantibodies is recommended as it may well show other subclinical diseases and alert paediatricians to their subsequent progession.
The follow up studies in our patients have clearly shown the importance of regular tesiing of enterocyte autoantibodies for prognostic purposes. Thus persistently low titres or declining and disappearing circulating enterocyte antibodies were correlated with improvement of symptoms regardless of the type of treatment used (see table II ). In contrast, high titres and complement fixing ability of the autoantibodies at presentation and during follow up seemed to indicate a poorer prognosis and a worse outcome for the patient. In those who deteriorated the addition of azathioprine to steroid treatment had little effect. Remarkably, spontaneous remissions have been observed only in patients without enterocyte autoantibodies, who in general required less drastic treatment and recovered more promptly.
An oligoantigenic diet free from disaccharide was used in all patients on two counts. Increased macromolecular uptake has been shown in children with enteropathies of the small intestine'" and it has been suggested that such uptake may be responsible for maintaining the enteropathy. Additionally, as we speculate below, high antigenic dietary components presented to the injured intestinal mucosal surface of these patients may be important in exacerbating the autoimmune process. The main question, however, remains: how do enterocytes evoke an efficient immune response against themselves? Loss of tolerance with subsequent autoantibody production against enterocytes seems to occur rarely: this is reflected by the low rate of detection of enterocyte autoantibodies in adults affected by coeliac and other chronic inflammatory bowel diseases, which are of unknown cause but whose pathogenesis is thought to have an autoimmune component. This concept is reinforced by the detection of antibodies to colonic mucous cells, but not enterocytes, which cross react with Escherichia coli in patients with ulcerative colitis.'6 Possibly in predisposed young children and infants, whose gut mucosa permeability is in general still at a critical stage, the local immune defence mehanisms are not entirely efficient, thus allowing the entry of external antigens, which, in turn, are responsible for producing harmfil cross reacting antibodies. The existence of these specificities has recently been shown in coeliac disease, another complex gut disorder, by the demonstration that antigliadin antibodies cross react with the Erb protein of adenovirus 12.' Preliminary studies on five biopsy samples of the jejunum of patients with enterocyte autoantibodies showed an "inappropriate" expression of HLA class II molecules in immature enterocytes, which in contrast with mature enterocytes of the villi are physiologically devoid of HLA class II products. Similar findings have been described in other studies of idiopathic diseases of the gut." This parallels the description of aberrant HLA class II expression on epithelial cells in certain autoimmune diseases"9 including thyroiditis," primary biliary cirrhosis,2' and insulin dependent diabetes. 22 This has led to the hypothesis that the target organ itself may play a crucial part in inducing or perpetrating autoreactive processes by presenting its own surface autoantigens to helper T cells, bypassing the requiirement of conventional antigen presenting cells-namely, macrophages and dendritic cells. "3 If these observations are confirmed on a larger series of biopsy specimens we could also postulate that induction of"inappropriate"
HLA class II expression on immature enterocytes (perhaps mediated by interferon y,'4 or by two mediator signals,25 or by viruses acting directly at the DNA level'6) may trigger the same chain of events suggested in other autoimmune diseases,'3 thus leading to the production of cross reactive antibodies or cell mediated immune phenomena to mature enterocytes.
In conclusion, our data suggest the existence of an autoimmune variant in the complex syndrome ofprotracted diarrhoea ofinfancy, which can now be added to the growing list of organ specific autoimmune diseases. 14 A positive test for enterocyte autoantibodies may provide a differential diagnosis, and a persisting high titre of autoantibodies with complement fixing ability seems to indicate a poor prognosis, in spite of aggressive treatment. Finally, the loss of immunological tolerance to enterocytes must be an event that occurs early in life, and its initiation and progression may follow similr steps recently suggested in other conditions ofsimilar pathogenesis.
